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BROLEEBLRE T 256, GRBUL Lo~ A 7 vk
VEEET LA —RNTH S, FHZ, Fig 1I1IRT &
I, FWEAMKPLR -, 7 FHEOEKSHIOBEIE
TVA 7RV ERETZZ2HZ20. ZhsDvA o0
AL, LTV ER (DR, HWERELFER) 2260
FEEEDAEBUT S e 2BERLTHREBIA TV .
LhL, BEEohsonfE~f 7akoic, BEFEY
NoER (L, IEENEREFER) OENRNATREAL
TLES. ZoOMEE, —ic7aX =72l hEEL
MEZRTWS.
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Fig. 1 Spatial arrangement of sources and close microphones,
where M = N = 4. Target sound is contaminated with

bleeding sound from other non-target sources.

HORPZMAZ LT, WO EORBELZHAAL L dDH
50, A UREE CTEBOBEIRDFERHICIE 2 KT, #D
BEEEHS I EIXKFLAEARARETH 5.

BEO~A 7Ry THIAENLEBIINT2HDED
MEZ, Z2F v 2L FIRSEE (multichannel audio source
separation: MASS) [1], [2], [3], [4] & ®EiEh % (& & FE
LTW3. HL, KITRTHICBWT MASS 2135272 25
Brd 5.

(a) BHENEEDEEBEX /4 X (signal-to-noise: SN) tbid
tegrEy. 22T, SN LB 2 (EE I3 BENE
DT RIEL, /A RZIEENEEDL S ORERAT T
H5.

(b) H~A 7k icBir 3 HNERIIBEAITH 2 (B
EBDEF ¥ XV HRDO Z RV EEIND).
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(c) =k~ frmkr 7L A8k, w4 7uky
bR ZEERICHERTEB D (Bl 2 m DA L), &l
BRI V7S Y IDRET 5.

(d) EREBENRT 2720, ZOEMVMEZKT X &
RN KD EEE R FEIESEREINS.

Zt (a) & (b) 1&, MASS & g L 7zBRic# b EHED 77

DEBEEZONZMETHSE. —F, &M () & (d) &

WHEHUEICBI2RERATHD, FRTEME (c) D2

MZA V7Y 7R3EVRLATHS. =T =3IV

7 1], 2] 774~ FEFETEE (blind source separation:

BSS) [5], [6], [7], [8], [9], [10], [11] FDZ L O EMHE R

MASS &~ 1 7 mk v HEoMEZEZRHELCED, 2EHT

AVT Y IPET 5EIERZME - Dl 2 2 e h

D CTIREEC 72 5.

BHES OMHZ B LIRES Y —DAZHW 2
MASS d WL OB IR TW S [12], [13], [14], [15].
Togami & [12] 1%, ZF v 3 VBHES O J& BRI D RE
F v 2OV U CIFEMEITHIEF 7% (nonnegative
matrix factorization: NMF) [17], [18] %3 2 K F %
%L NMF (time-channel NMF: TCNMF) Z{2& L Tw
%. TCNMF T, AL v HOIEEIRATTH & S ER
DT I TAR=2a YEHELTED, & (c) LIEFRM
BREZT ¥ INVEBIHLTHHFRTHET X 2 2 2 DR
XNTW3 [13]. F72, TCNMF & [d U < MG % R
L7z BSS & LT, #EDEEEEZ T v /L NMF (linear
demixed domain multichannel NMF: DMNMF) [15] 23%
%. DMNMF & TCNMF kAU < JEEH e v EoIFal
HAAEHET 2 BSS TH 20, WINDFIED EFRIE
FOM D FIEITH S 2 AMERIBET ST, HE
EEOWYEMEEZHINE LE-FETE, FEREOIEA
RETH oA GEiE~ A 7 ak B0 HNERD S
4 ) IEARS Ght~A 7 akrBoIEENERD
Wy 4 >) ZHFGEHIT 220D D FiESREIh TV
% [16]. L2 L, REHHBTOSR DR M EMAIMZ 3
720IiE, TOXIRFEAGEIHNEZHEDEF LR,
7o, HHFHH SN ZRE1TH E REORBICRE R IR
Xy FHD GG, WO EMEOMHRIFELMETLTL
£5.

RIFZETIE, FIRP~A 27 0k > D2 72 Bl E A
(774 F) OFHTTHOEEZIET 22t 2HINLE
35, HL, BT -2 T AN T —XDI A~y F Rt
JB7012, YaEBEDT Xty VEQEE T —XPR
AROERFHIEIZ VRN, 80T, Hilid b B I
DWW [19], [20], [21], [22], [23] EAFIED I RILTH
3. ARTE, MHEIRELRWT Z 4 > Rih HHET
ke LT, TCNMF OWRFEZHITRET 5. #OE
DOMM I/ T A4 >R ETFIMELT 372018, Hilz 2 EK
g o JEEIR 1T Dt Ky CFEst £ i o3 12 ST o0 A %2 38
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Fig. 2 Instantaneous mixture model for bleeding-sound reduc-
tion, where M = N = 4. Color brightness in mix-
ing matrix A shows amplitude level of each element
(brighter is larger). Due to close miking setup, diag-
onal elements in A have larger amplitudes compared

with off-diagonal elements.

AT 3. ZOHEFZMOEAIIOWTIE, Cemgil [24] 1T
X o TIRESIN2HFEAKERMER (maximum a posteriori:
MAP) #£5E NMF IZESWTW5.

2. WERFE
2.1 BEETNL

MBUNZZNLZEFR~A 70RO BROCEFERRE L,
HRES, BHES, RUOHEEESrthzh kA TERT

L Ea(t), AT e RY (1)
() = [B1 (), Em(t), (@] €RM(2)
LN ()]t e RY (3)

T, n=12---,N, RU'm =
1,2, M 3 Z2hZhBigRHE, 5, RO~ 47n
RYDAYTFIRATHS. H#OBFMETIE, 1 ETHNL
BESEFLD, BARIIEHRER (M > N) i3, &
T, LI M =N OEHEOARDIES.
BROERESPBES S 2546, BHGEENUHE
ERiEzhzhXKXTETMELEINS.

&(t) = As(t) (4)
y(t) = Wax(t) (5)

ZZT, AeRMXN J{UW e RVM 13 zhz2hlER
ZRIBEATHIR OB T CTH 5. Z ORALBRIHES £
TV (4) % Fig. 2 123, BHIES 2(t) 1%, 1 BO%KMH
(b) £ &EF ¥ A NMCHWERD 7 N EINTWS
DD, Tp(t) 1 d Figs. 1 X213 L9512, mFH
DEVE 5m(t) (n=m) DEE~A 7akyOBHEEL
EETS. oT, Tp(t) IWIEHWE 5,,(t) DRDHE
WKEENTED, FARIICIEENEIR 5, (t) OB D ERS
HEENTWVWSE. 2T, m #mThb. ZOkD, A
DI OFERHE (HINEROZ A >) 3K EL, JE
A OfHE GEHERORIT A >) 3hEL7k25
(1 FBOLMH (a) R, # b FMEE, BAITH A X
W = A~ ' 22 58T W %, BEIES {20))L, DA
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DOHET LMEE 5.
ERDOFFETIEX, BREA 7R NEETZETD
R ZPREREOREIC LD, BHEROESIIFAZE
BAAARGE RS, AFETIE, FALEAAARREGE Y
YINMTETMET 272, H3A 70k e BHHBO
A4 VOV ANER (BIBRER) 23, W7 —v &4
(short-time Fourier transform: STFT) THW2EE XD
BFWERET S, ZORECED, EROFFEDIRAZL
BAAARSG ENBREE, R BRI TR
BEBORAELEZBRFES E LTRIT I TE, #HEE
BrEFR R EhzhRXA L k5L,

yij = WiXi )

C:'f“, Sijy, Xij, &inj bi%h%héﬁiﬁfi%éhé

$ij = [Sij1- -+ »8ijns -+ ,8in] " € CV (8)

Xij = [Xijis - s Xijms -+ > Xijm] T € CY (9)

Yij = [Vijio -+ Yigns -, vign] - € CY (10)
Fr, =12, IR j=1,2,--,J ZFNENEK

Be v RO 7L —LDA4 Y F 2 ATHD, A, € CM*N
G EOERREESITITD 5. DI, Sijn, Xijm, K
Lyijn FENZN, BEROER, B, ROHEEARART
reZSaS,eCx X, eC*, KUY, e CI*) D
R AR ERTDH 5.

— e =247+ —3 ¥ 7 1], [2] ® BSS [5], [6], [7],
[8], [9], [10], [11] 1&, &~ A 7 vk > ARIDAAHZE % FWT
BRIHMTHIW, ZHEET 2. 4 70k VBRI AE L
BN TV AHEEEM A VT Y IBEL 7280, ¥ —
L7 =3IV BSS TIEW,; ZIEHEICHEE TE R 2
5. foT, MitHEICESSE—L74—3I YR BSS T
WOEERIET S Z 3N 2 5.

2.2 DMNMF

T A V7YY AL B 7Dz, MiHE AL oS
7 —DAHWV S BSS @ DMNMF 2R T3 [15].
DMNMEF &, 3K Z > 747515347 (independent low-rank
matrix analysis: ILRMA) [4], [10], [11] DAAEIEKE R TF
#T»%. DMNMF T, BlllES2XTcETF LT 3.

w ~ Ais Vi j (11)
A; = abs(A;) € RYY (12)
x;; = abs(x;;) € Rgo (13)
si; = abs(sy;) € RY, (14)

ZIZT, X7 FRITHID Ny MY SHERGER -1 KOt

OARTIRE, < UEROESEEREERL, 41XV v 7HE0E
SEEREERT.
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Fig. 3 Decomposition model of TCNMF, where M = N = 4

and I = 6. Note that abs(X,,) is channel-wise time-
frequency matrix, but A; and S; are frequency-wise

source-channel and time-source matrices, respectively.

SHEFHE abs(-) 12N ENERBOD g F M CERB O
B%RT. €-T, z2 KU s2 3 ZhZh (X}, ¢
(S, IV, DT =27 hu T AOREEIRBER L 72
%. DMNMF T, fitfEHRz AL 2y -2 b
0277 AfEEICBNT, K (6) ZEEKEOIFRIESTTY
A; TR (1) L TAEMT 2. 2512, SHEFRD T -2
X7 ymr2rI A%, NMF 2HOWTKS > 7475 TET L
ftahz. x2 »o A MU s Z2HEE L721RIC, Wiener
74N RERHWTHERS y;; 21877 5.

2.3 TCNMF

TCNMF [12] 136748 % fEA5 LIRIE D A H W % BSS TH
D, FEEFICHEAIATWS. —fRIV7% NMF 25K E
BEATH RS > 7 \ﬁéﬁf%@kﬂb TCNMEF (3 &K
ORI F ¥ 2 NATHERD X SIS 5.

Xi = [IB“ R 77 B il!ij] ER]g[OXJ (16)

Fig. 3 1R T & 512, X, HREEBOEBK Y > #HDORE
7 ¥ JVBIIGES, S e RY; BEEHRD S A > DR
ZETRZ ML LTELITAITHE. X, o A; &
U S; BHEE U7=121Z, Wiener 7 4 VX ZHWTHEEES
ZIEITLT 5.

ZR A RO S; ORI, ROKELHEE 725 [18].

IE%IZ: Dxr1,(X;]A;iS;)
s.t. Qimn,Sinj 2 0 Vivm:na.j (17)
22T, Dxi(-]) 3R X S ITEREINS.

Timj
Drs (X480 = 3 ((imylog gt
o n imnSing

n

— Timj + Z ai’rnnsi’rzj) (18)

N (18) 1, X; X A;S; OFELUIEZ M 2 —f%{t Kullback-
Leibler (KL) #AN—Y 2V RATH3. T, ARUS
Gi, %ﬂ%ﬂ {Az}{:1 &U‘ {Si}le @%é\fzﬁ D y mimj,
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Qimny R sinj 1, ZNENX;, A;, RU S, DEETH
3. BERTIZA; DM x N DIEFITHTH 37-9, %
IMEBIRETH 2R (17) 1, 2T IHLTA; =T (T
HAATH) 2w S BHMEZ RO, 2o BIRfgE ELEES 2 7
BDIZ, Los / NVAICED L 28— X ERHLARIRR 7 L —
LA LTEHAIATWS [12].

min Z Dir (X[ AiS) + 1Y lIsiilos

i
8.t Qimn, Sing > 0 Vi,m,n,j (19)

T ZT, pldERANLD 7D DEAREL, s;; 13 S; ORI
FEDRY v (S; =[si -+ 8ij -+ 8iy]) TH5.

3. REFE

3.1 i

ARRDE D, # b FHETIREIE S DN IEHRE
HT&7, MHEIKEL R DMNMF &8N Y 7
n—FrEZONS. LLENS, EECHERT 28D
DMNMF OfFGELIEALETH Y, IEAREITI A; OFE
FEE R I L WHETH . IS, STk [15] T,
2T TV IRZ ML (A; DFIRZ b L) OERHFRRN
FHHKFED BSS 12 & 2 HHIHEE % W THEERE 2 ZE &
HFTW3., —/5TTCNMF &, MAHIERE VT ICH 2
EORETHFERANTE S [13] 23, HHD BSS # D
FE T 2 HEREIFAE S L TORW. Frig, K (19) 0
A= ZERNLIA S, S sijllo.s (&, IR EBEGEBUC 51
% W-disjoint-orthogonality [25] (1 D DRFEEEEZV v
FIZERET 2 EFBIIEAEETH-oTHEL 1 D) W
IMERHEDINWT VS, ZHEEFRDORESEBICIEEZES
23, WA T Z 7 IcER D &5 BREE TIEAH
geEZoN 5. [EoT, KD TCNMF THWHLS
S; DAN—RIEANLIE, EXRESOHEICIIEEZKT S
B3 AREED D 5.
REFETIEX, TCNMF I28B1F % A; O HIFEZ T 2
7e®IZ, S; T IFAREITH A; DX & BN
k5% 2 FNIERL S 2. AFHRE, #D EF oM
RO A B ~<FRT AL oEREIN S EIRE L
MAP HE LR TZ 5.

3.2 KLAAMN—STVRICED< NMF O5RETIL

Cemgil 1Z, KL £4 N—2 = v 212 < NMF (KL-
divergence-based NMF: KLNMF) ODZERKETILERIHS
IZLTW5 [24]. KLNMF Of/MEREE, K7 Y AR
ETFIILEIRE LT (maximum likelihood: ML) #£E &
EffiThs. X (17) &, ROEBREFNVEREL TS,

Zimnj ™~ ,P(Zimnj; aimnsinj) (20)
1 A
N = Z 21
PEN = 1)
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ZZT, Zimnj € NIE @iy = €+ Y, Zimn; 27z THER
B, Pl ) ITHEREHM 2 e N RFT A=K A >0 %H
SET VU, T(z+1) = 2L EH > < B, e 1% [0,1)
DHFIPFHT—ERDMIIED MERETDH D, FT2, zimn; &
i, m, n, j IS LTEWHY. ERET 2. K7 Y ¥ i
WHE S FERA BT A ZH D, HIb, 2, ~ P(zn; \n) 22
Dr=Y 2 DLE, HASME p(x) =P(x;)., \n) T
Hzohd. £-oT, X; ORELEEIXA 2 5.

log p(X; Ai, S;)
= log H Z p(xinrm Zimnj )p(zimnlj; aimnsinj)

MLj Zimng

= log H ,P(ximj; Znaimnsinj)

m,j

= E Timyj IOgE Aimn Sing
m,j n

- Z AimnSing — IOgF(xlmj + 1) (22)
1 (18) DE/ME e i METH 2 [24].

3.3 WOBOEMNENT I > OEMDHEERETIL
REFIETIX, A, OHHMEZRIT 272012, A; DX
R R DI A R I R D BRI AT T AR EAT 3.

) G i K, 6)

1
akfl

O e /0 (24)

G(a;k,0) =

2 ZT, §(a) i Dirac D7V XBETH D, G(a;k,0) 130
REW a >0, AREEE > 0, ROREREO > 02> 5L
BHIRDTHB. £, Gipn E1, m, nIZELTH
WICHNZ 2 ARET 5. 2 (23) kD, A; OFERIHMAIERA
&5,

p(AL:k70): H p(aimn) H p(aimn;kye)

m,n=m m,n#m
= H 6(aimn — 1) H g(aimn; kae)
m,n=m m,n#m

(25)

R (25) Tl&, A; OXARDEIR T 722 X 5HIRI N,
IEXART (Bh BOMEMBIT 4 ) OAEEMERIT K
RO IZE-oTHIHIXNS. Fig 4 I1TRT X 5 TR %E
k>1235Z2T, A; ODE2IENHABANTBOT ajmy =0
BETE e TE, A, =T R2HAMREENTE3. &
Tk, UTEk>10DA%2EZ 5.

—F, 77T 4 N—=a VT S WIEIRIN AR S %
RERET, XAOIEAHIWERNIMOAZEANT 5.
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1

B—o0

0.8 I[O § sinj] (26)

Z 2T, BIXIERIURE, T[] 58P ERLIX1, BRks
0272 2MHOBTH 2. A; LFRIFRIZ, sin; b i, n, j
WL TEWIHY, Y RESNS =8, S; DEFITMIEK
R k3.

(i) = [ [ p(sins)

n,j

o [ Z00 < sinj] (27)

n,j

3.4 MAPI#FEDOIR FEH
AIETIOHERTAICHE DS, B A, ¥ S; % MAP #ET
Kbz, BERSHIRDESIBELNRS.

[ (A, Si: Xi) o< ] p(Xi; Ai, Si) p(Ais k, 0)p(Si)

Likelihood Priors
(28)
2 (28) DEOFBENRS &£, HLEMTO X5 CHRT
x3.

J=- Z logp(X;; Ai, S;) + log p(A;; k, 0) + log p(S;)]

(29)

K (22), (25), (27) 2R (29) ITRAT B, aZX NEE T
BRAL LTHELNS.

j: Z |:_mimj logzaimnsinj

i,m,] n

+ Z AimnSing + logr(ximj + ]-)

+ Z [@imn = 1]

+ Z —(k —1)log aimn + 1aimn
} 0
i,m,n#Em

+ > I0 < Simal (30)
i,n,J

22T, I[]=—logZ[] 35 B EDL 20, DL % o
EWBIERBEMTH . A; & S; D MAP #EE1EK (30) ©
RMUEETH D, A; & S BT 2 R/MLIERDRE
FHTH 5.

manDKL (X;|A;S;)

§ R azmn bl 7

i,m,n#m
s.t. Gimn, Sing = 0 Vi,m,n,j and @imn =1 Vm =n
(31)
ZZTC, R(imn;k,0) 1% A; DIESARLD O > < Hili5
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Random variable a

Fig. 4 Probabilistic density function of gamma distribution.

i (24) WS 2IEALIETS b, XX k3.
R(@imn; k,0) = |—(k — 1) 10g @imn + %aimn (32)

3.5 mE{T7IIVILOEH

R (31) ORIMERTEE, NMF OFEETHEICHW S
% majorization-minimization (MM) 7LV X L [18], [26]
TR Ze 23T & 5. HIBEE Dk (X,|A:S:) O _FRRBI%KL
X Jensen’s DARFERZHWTRD L S ICiRFTE 5.

Dx1.(X;]A;S;)

c
= § —Timj IOg E Aimn Sing + § QimnSing
n n

i,m,j
Aimn Sing
= § ( Timj IOgE fzmn]i_.‘g Aimn Sing
; . imnj
i,m,j
AimnSing
< § <_xsz§ gzmnjl + g Gimn Sing
i,m, ] n imnj n
— + )
=D"(A;,S;,5) (33)

T, = WEBIHDEVERVTELWI L 2RT. %
72y Eimng > 0103 Y, Cimny = 1 Zifi7 SHIBNARL, =132
TDi, m, j, nIHT D &imn; DEEZRT. R (33) D
FEEROIEMFE R 5.

Y

-
-

AimnSing

Zn/ Aimn’ Sin'j

X (33) &b, ERBEDRIMEHEIZRD X512 5.

Vi, m,j,n (34)

gimnj =

min DY(A;,S;,2) +

g R(a;
A,S,E Zmna 7

% i,m,n#m
S.t. Gimn, Singj >0 \V/i, m, n7j7 fi'mnj >0 Vi’ m, n7j7

and aimn =1 Vm=mn (35)

#i-C, K (35) O LIRBIBE ajmy K sin; TREBZLO &
B, 51K (34) DMEBALEEAZ Eipun ITRAT 22 L
T, FEBOEHALEHTE 5. EANLE R(aimmn; k, 0)
W sinj TORMDITHELR VD, 55, OEFHRUIAR
D & IcHfliZe KLNMF [18] DE#HA e FLL K 5.
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E: T Qimn
MY Qs S inj

Sinj — Sing Zm imm (36)
—7, ENARERT aimn (M #n) KDOWVTE, R (35) D
FIRBAE DR M 2 5 XAD" 5N S.
o .gimnj R _ 1 1 _
Zj: ( Fimg imn * sl”]) (k 1)Clzmn + 0 =0
(37)
K37 & aipn KOWTEHT 22, X275,
Qimn = ( ) + Z] T Jf J (38)

3+ > Sinj
R (38) ITFHARKALEEM (34) ZRAT 5 Z 2T, IENARL
T Gimn (m#n) OEHUIXA L LTEHBINS.

(k — 1) + Qimn ZJ ﬁszn]
% + Z] Sing

ii@ﬂ&@@%;DMMW&U&M®#ﬁﬂ%@$£ﬁ
OMIEEIEEIEY F 5 L TR XN, ¥, A
DR DR A £ F £ 510 1 COIIEL,
MOZH O EH S H 1 ICEET 5.

3 (36) KU (30) &, BT O &5 AR TEET 3
Y, £ OEECHRYCEHECE 3,

Qimn,

(39)

w—m+A@(X.ﬁ)

A; Vi 40

< g + 1ST ’ ( )

diag(Ay) + [1,1,-+ 1] (41)
AT XS

S+ S, 0 AT71 = Vi (42)

ZIT, 0 HOREIZZNFNERBORA L REY
R, T, 1R 17ZF2EDL M x J OFTF, diag(-) I
ANEINZZEFTHORARTERTZ Ve LTRT. &
B, X (40) 12 A, ORNARTOEEEET 225, A (41) I
Lo THARNZESBIC1ICLEEINS. it,ﬁ()
RO (42) O AR, o A MBS (31) & HAFAN A &

3 Z e HEERIICHEE S TV B

3.6 T—RIALIBXIEAMLIEONT VX

MREFETIE, A, DA T LIZHBLTWE 729
IEAERIIME D FOMEMENT 4 P THEs 5. it,
KL XA N—= = ¥ ZERAD R o — Ak FHEE2 R,

ZZT, a> 0 i MEROFEETHE. ZhoDHEELD, #
WEE (X}, 074 &, R (31) KB 27— KLU
>0 Dxu(Xi|A:S;) RO ERIMEIA 3, R(@imn; b, 0)
MONS Y RCHER B Z 2239 h 5. 22T, R
FiETE, BHIGESZERELED ATTHA Y ERT X —
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B, DRAFIv I LY IN ta b BB LSS
A VERBLTVS. o 3R (19) 2B % u L RIS,
T —ZERIE  IERUEIED N T > R R HHS 2 N4 =%
FIRAXA=REID. PIZIX, a B/ NSREIERET S, &
I LT & b ERANEA R 5 .

2
SR

@(t) vt (44)

3.7 HEEESDOHIEBRK
REFETIX, /D TCNMF kR, EEEOBIH
185 Xijm IR L TRAD Wiener 7 4 VR ZHEHT 52 &
T, BEHOMWERE Y, 21813 5.
_(Gimmsimg)?
ylj/’l - ZTL (azmnssz)Z Xl]m (46)

BB, Gimm=1&D, X (46) IXATEHETZ 3.
S 2
Yijn = |:A 2g: 2:| ijm (47)

::f@%mulﬁﬁﬂwomﬁﬁi%ﬁ?.%@%Jﬁ
EfEH Y, I# STFT Z#H$ 5 2 & T, HEBOES
gn(t) BEENZ. HEREDT A VIIXATEITT 5.

- v

y(t) < E(QVt (48)
4. RE&
4.1 HERZH
BRERFHEOMREZIHMEIT 272012, FREBDOHD ZH

FEDFEBRZTo7. BHES L2 HERORAEESIZ, A
THRERT -2ty b TH S songKitamura [27], [28] %
vz, BEHOHEREFS S, 1i&, 77V4%v b (Cl),
F—HL (Ob.), ¥7/ (PL), Fu>®—> (Th.) O 47
FOREEEHO, M=N=42%25X5124F v F 1D
BES x;; ZIF L. COL %, i HEZECEHIGES
RS 272002, JEBEEOIFEIRATT A, ERQ/[OXN
ZRWT, T s; ZXRD X5 TRA L.

Xij = Zisij (49)

HL, A, ONAERI1 &L, IENAEIRE (0,0.2) D
FDO—RENT D SERINBELCEE L. F, Bi
BEMLELRS — R 2 WT, ERCOATET 10 FEOBHNE
5 (A5 10 BEOIEEIRATTH A) ZHVWTERE2T-
7. BEOH YTV ¥V IREBEEE 441 kHz & L, STFT
TiE, BE 4096 /5 (39 92.9 ms) ® Hamming B&N—7
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Fig. 5 Comparison of SDR improvements, where each bar is
average over 10 different observed mixtures and 4 in-

strumental sources.

F—=N=F 9 TT a8, AR RO 7
L—2sBudzn ezl =2049 R J =109 TH o 7.

AREFRTIX, WML FILEEHT (independent vector
analysis : IVA) [9], ILRMA [11], DMNMF [15], {EKD
TCNMF [12], RUREFIED 5 oOFEZR B L2, TVA
K O ILRMA (3EZR B D B TY W, Z2HEE S 2 THE T
HZZERL/ZBSS THH, ZOMMOFEIRE I T —
ARY +a 7T LDEE WS NHIHEEL BSS TH 5.
IVA %O ILRMA @ W; OFJHHEEZ, DMNMF 4K D
TCNMF Kk U RFETHWHEIRSITY 0% 175 &
L7. %7:IVA ¥ ILRMA TiF, KEZHERF7 Y > 2
1% (iterative source steering : ISS) [30] & ML 2 FUEM
WCEER BT OEHAZ AWz, THHATHI W, #EER
i, X7 ZHCTHEEERZETTL, ¥sic7adcy
Ya vy 31 B L CREEBEO A — L 2ETEL
7=. —7%, DMNMF, #£3kD TCNMF, NUHRREFEIZD
WTiE, FFEEATTY A, OFIHEINAEEZED 1, JENH
FLED (0,0.1) OHEIFH DO —kk D i AR S 2 ELEE A
Wi ZOMDT A —RIZOWTIE, (0,1) OHIPET—
B0 AR I N AELEBE VTt L. FFaRE
175 A; HEERIE, Wiener 7 4 L& (46) & F\WTHEE(E
B%187-. ILRMA ¥ DMNMF (28} 5 NMF HHET /L
DEERY P LIX 10, 30, R8O LRREL. &F
RO LT ) X2 FEHE 200 BIRIERRL, W
FThdaX MEEEDIICRL TWS Z e ZHERL TV 3.

BHIFG R E ¥ L T, source-to-interference ratio &
sources-to-artificial ratio @ 2 D% NI L 7=A8E 1Y 72 57 Bt
B %73 source-to-distortion ratio (SDR) [29] &\ 7z.
1 ZEDOEM (a) TR XS0, #h HME BT 2 E8H
f§5 D SDR (AJ) SDR) id@EWEZR L. SEDEE
TiX, 10 EEOBHEIES D Cl, Ob., Pf., MU Th. ¥
BRI SDR »3Zzhzi 18.8, 15.0, 14.7, K1 8.6 dB &
ol ZHMBDAT] SDR 56 DU EHRE RIS HICE
BL, EFETOVFIEREZFHE L 7.

© 2021 Information Processing Society of Japan

Vol.2021-MUS-132 No.24
2021/9/17

4.2 EEBRER
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WETE 2 0REMD S 228, ZDFEEMEREIX 0 dB 2B %
ol ZhiX, DMNMF B3 2 5ot ol L X1k
FLTWwWsBbid. kD TCNMF 2R FIETIE,
F¥) SDR EED 0 dB 2R TW2 Z e DPHERTE 3.
FRCIRBRTIHRIZ, ko TCNMF kb % 2.5 dB M k&
STV 3. ZOWHIIERHBOEMEREUHES SR
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Bz 2D HokREE HIEL, TCNMF 28R L72#
LWFEERE L. BEFETE, #D EoMtkhs
4 VEIEAMLLTED, ZhIH ¥ ~HiiomEIE L7
MAP #EE 1235 ¢ TCNMF ¥ @R C & 2. Ry 2 8]
BEEEZHAVEERTIE, REFEIRDEDEEMETE
5 Z e WEBINOREINTz. RBFIEIE 3 DDA =08
FTA=& (k, 0, Rl a) ZRoTW578, NAg =
T A =R T 2IREFIROMRELL DT &, hEIk%
RIRAXA=RDF 2 —=V TENPSHOFEL LTETS
na.

HEF

ARIFFEO—EE, JSPS BHAE 19K20306 K F 19H01116
DB E T 7.

BE X

[1] M. Brandstein and D. Ward, Microphone Arrays: Sig-
nal Processing Techniques and Applications, Springer-
Verlag Berlin Heidelberg, 2001.

[2] H. L. Van Trees, Optimum Array Processing, John Wi-
ley and Sons, New York, 2002.

8] X. Yu, D. Hu, J. Xu, Blind Source Separation: The-
ory and Applications, John Wiley and Sons, New York,
2014.

[4] H. Sawada, N. Ono, H. Kameoka, D. Kitamura, and
H. Saruwatari, “A review of blind source separation
methods: Two converging routes to ILRMA originating



BIRUEF MRS
IPSJ SIG Technical Report

(7]

(8]

(9]

(10]

(1]

(14]

(17]

(18]

from ICA and NMF,” APSIPA Trans. Signal and Info.
Process., vol. 8, no. el2, pp. 1-14, 2019.

P. Smaragdis, “Blind separation of convolved mixtures in
the frequency domain,” Neurocomputing, vol. 22, pp. 21—
34, 1998.

H. Saruwatari, T. Kawamura, T. Nishikawa, A. Lee, and
K. Shikano, “Blind source separation based on a fast-
convergence algorithm combining ICA and beamform-
ing,” IEEFE Trans. Audio, Speech, and Lang. Process.,
vol. 14, no. 2, pp. 666-678, 2006.

A. Hiroe, “Solution of permutation problem in frequency
domain ICA using multivariate probability density func-
tions,” Proc. Int. Conf. Independent Compon. Anal.
Blind Source Separation, pp. 601-608, 2006.

T. Kim, H. T. Attias, S.-Y. Lee, and T.-W. Lee, “Blind
source separation exploiting higher-order frequency de-
pendencies,” IEEE Trans. Audio, Speech, and Lang.
Process., vol. 15, no. 1, pp. 70-79, 2007.

N. Ono, “Stable and fast update rules for indepen-
dent vector analysis based on auxiliary function tech-
nique,” Proc. IEEE Workshop Appl. Signal Process.
Audio Acoust., pp. 189-192, 2011.

D. Kitamura, N. Ono, H. Sawada, H. Kameoka, and
H. Saruwatari, “Determined blind source separation uni-
fying independent vector analysis and nonnegative ma-
trix factorization,” IEEE/ACM Trans. Audio, Speech,
and Lang. Process., vol. 24, no. 9, pp. 1626-1641, 2016.
D. Kitamura, N. Ono, H. Sawada, H. Kameoka, and
H. Saruwatari, “Determined blind source separation with
independent low-rank matrix analysis,” in Audio Source
Separation, S. Makino, Ed., pp. 125-155. Springer,
Cham, 2018.

M. Togami, Y. Kawaguch, H. Kokubo, and Y. Obuchi,
“Acoustic echo suppressor with multichannel semi-blind
non-negative matrix factorization,” Proc. Asia-Pacific
Signal Info. Process. Assoc. Annu. Summit Conf.,
pp. 522-525, 2010.

H. Chiba, N. Ono, S. Miyabe, Y. Takahashi, T. Yamada,
and S. Makino, “Amplitude-based speech enhancement
with nonnegative matrix factorization for asynchronous
distributed recording,” Proc. Int. Workshop Acoustic
Signal Enhancement, pp. 203-207, 2014.

Y. Murase, H. Chiba, N. Ono, S. Miyabe, Y. Taka-
hashi, T. Yamada, and S. Makino, “On microphone ar-
rangement for multichannel speech enhancement based
on nonnegative matrix factorization in time-channel do-
main,” Proc. Asia-Pacific Signal Info. Process. Assoc.
Annu. Summit Conf., 2014.

T. Taniguchi and T. Masuda, “Linear demixed domain
multichannel nonnegative matrix factorization for speech
enhancement,” Proc. IEEE Int. Conf. Acoust., Speech
Signal Process., pp. 476-480, 2017.

0. Das, J. O. Smith, and J. S. Abel, “Microphone cross-
talk cancellation in ensemble recordings with maximum
likelihood estimation,” Proc. Audio Eng. Soc. Conven-
tion, 2021.

D. D. Lee and H. S. Seung, “Learning the parts of objects
by non-negative matrix factorization,” Nature, vol. 401,
no. 6755, pp. 788-791, 1999.

D. D. Lee and H. S. Seung, “Algorithms for non-negative
matrix factorization” Proc. Neural Info. Process. Syst.,
pp. 556-562, 2000.

A. A. Nugraha, A. Liutkus, and E. Vincent, “Multichan-
nel audio source separation with deep neural networks,”
IEEE/ACM Trans. Audio, Speech, and Lang. Process.,

© 2021 Information Processing Society of Japan

[20]

[23]

[24]

[25]

[26]

[27]

Vol.2021-MUS-132 No.24
2021/9/17

vol. 24, no. 9, pp. 1652-1664, 2016.

N. Makishima, S. Mogami, N. Takamune, D. Kitamura,
H. Sumino, S. Takamichi, H. Saruwatari, and N. Ono,
“Independent deeply learned matrix analysis for deter-
mined audio source separation,” IEEE/ACM Trans.
Audio, Speech, and Lang. Process., vol. 27, no. 10,
pp. 1601-1615, 2019.

H. Kameoka, L. Li, S. Inoue, and S. Makino, “Super-
vised determined source separation with multichannel
variational autoencoder,” Neural Comput., vol. 31, no. 9,
pp. 1891-1914, 2019.

N. Makishima, Y. Mitsui, N. Takamune, D. Kitamura,
H. Saruwatari, Y. Takahashi, and K. Kondo, “Inde-
pendent deeply learned matrix analysis with automatic
selection of stable microphone-wise update and fast
sourcewise update of demixing matrix,” Signal Process.,
vol. 178, 107753, 2021.

T. Nakamura, S. Kozuka, and H. Saruwatari, “Time-
domain audio source separation with neural networks
based on multiresolution analysis,” IEEE/ACM Trans.
Audio, Speech, and Lang. Process., vol. 29, pp. 1687—
1701, 2021.

A. T. Cemgil, “Bayesian inference for nonnegative ma-
trix factorisation models,” Computational Intelligence
and Neuroscience, vol. 2009, no. 785152, 2009.

O. Yilmaz and S. Rickard, “Blind separation of speech
mixtures via time-frequency masking,” IEEE Trans.
Signal Process., vol. 52, no. 7, pp. 1830-1847, 2004.

Y. Sun, P. Babu, and D. P. Palomar, “Majorization-
minimization algorithms in signal processing, commu-
nications, and machine learning,” IEEE Trans. Signal
Process., vol. 65, no. 3, 2017.

D. Kitamura, H. Saruwatari, H. Kameoka, Y. Takahashi,
K. Kondo, and S. Nakamura, “Multichannel signal sep-
aration combining directional clustering and nonnega-
tive matrix factorization with spectrogram restoration,”
IEEE/ACM Trans. Audio, Speech, and Lang. Process.,
vol. 23, no. 4, pp. 654-669, 2015.

D. Kitamura, “Open dataset: songKitamura,” http:
//d-kitamura.net/dataset_en.html. Accessed 17 Au-
gust 2021.

E. Vincent, R. Gribonval, and C. Févotte, “Performance
measurement in blind audio source separation,” IEEE
Trans. Audio, Speech, and Lang. Process., vol. 14, no. 4,
pp. 1462-1469, 2006.

S. Robin and N. Ono, “Fast and stable blind source sep-
aration with rank-1 updates,” Proc. IEEE Int. Conf.
Acoust., Speech Signal Process., pp.236-240, 2020.

N. Murata, S. Ikeda, and A. Ziehe, “An approach to
blind source separation based on temporal structure of
speech signals,” Neurocomputing, vol. 41, no. 1-4, pp. 1—-
24, 2001.



